b
-mutated resithat such a model does not apply to mCRY1 transcripdue), in addition to binding flavin [18] , also abolished tional responses.
light responsiveness in the two assays. dCRY-R381A was constitutively active in the transcriptional assay Results and Discussion ( Figure 1A ), and its levels were not consistently lowered by light ( Figure 1B ). The dCRY-S267A and R381A mutant dCRY Flavin Binding Mutations Abolish proteins are constitutively active in the transcription Light Responses assay, most likely because they altered the positioning The Drosophila circadian clock involves an autoregulaof the flavin chromophore in such a way that the flavin tory feedback loop, in which PERIOD (dPER) and TIMEremained in its excited form.
LESS (dTIM) inhibit their own transcription by associatdCRY b (dCRY-D410N) was inactive in the transcription ing with the transcriptional activators dCLOCK (dCLK)
assay and failed to respond to light in the proteolysis and CYCLE (CYC) [14] . Light affects the feedback loop assay ( Figures 1A and 1B) , as previously established by causing rapid degradation of dTIM by the proteasome [16] . Only dCRY-D412A retained significant light respon- [15] . Drosophila cryptochrome (dCRY) appears to medisiveness in the transcription assay ( Figure 1A ) and in the ate this light effect, as suggested by its binding to dTIM light-induced proteolysis assay ( Figure 1B ). It is possible and dPER in yeast and in Drosophila Schneider 2 (S2) that D412A is less important than the other three concells [16, 17] , its own light-dependent degradation by the served residues for holding the flavin in its correct posiproteasome in S2 cells [10, 16] , and its light-dependent tion to enable dCRY light responses. The data show ability to inhibit dPER:dTIM transcriptional repression that mutations in three of the four conserved residues in the putative flavin binding pocket severely disrupt in S2 cells [16] . dCRY light responsiveness. The homology between dCRY and photolyases, light- Figures 1A and 1B) . To further assess the effect of the mCRY1 mutations, we also tested each at lower an important role in holding flavin in its correct position [18] . To assess whether the reduced activity of D387A concentrations. At lower doses of plasmid (5 ng or 10 ng), mCRY1-S252A, -R358A, and -D389A were mildly might be due to a disruption of flavin binding, we gener- In contrast to the dCRY results, only one mCRY1 mudCRY in this response (p Ͼ 0.05; Figure 3A) . Similarly, dCRY-W342A and dCRY-W397A were not light respontation modestly affected its transcriptional activity, and this appeared to be due to electrostatic perturbation of sive in the proteolysis assay, whereas dCRY-W420A was consistently degraded by light ( Figure 3B ). Even though the protein structure. Thus, mutational analysis suggests that the correct positioning of flavin in its binding dCRY-W342A lost its light responsiveness and, in most assays, proved to be inactive ( Figures 3A and 3C ), in pocket is essential for the light responsiveness of dCRY, but not for the activity of mCRY1. some assays, this mutant had limited ability to relieve dPER:dTIM inhibition, independent of the lighting conditions. The residual activity could be due to the intact Intramolecular Redox Is Critical for dCRY Functions W 397 that may still be able to transfer electrons to the flavin, but at very low efficiency. Photolyases repair UV light-induced pyrimidine dimers through intermolecular redox between the reduced flaBecause dCRY-W397A was poorly expressed ( Figure  3B ), we generated another mutant, dCRY-W397L, to devin, FADH Ϫ , and DNA [22]. However, in bacterial photolyases, an intramolecular redox pathway has also been termine whether the loss of activity in dCRY-W397A was due to its low level of expression or an inability to discovered. Under purification conditions or oxidative mediate redox. Leucine was selected for this substitution because it is a small hydrophobic residue, like alanine, and is unlikely to participate in redox-mediated reactions. dCRY-W397L lost its light responsiveness (p Ͼ 0.2) and activity ( Figure 3C ), while retaining a high level of expression ( Figure 3D) .
To determine whether the loss of activity of dCRY-W342A and dCRY-W397A/L was secondary to a structural change, or whether their inactivity was due to a block in intramolecular redox, we replaced each of these tryptophan residues with tyrosine or phenylalanine, residues that are structurally unlike tryptophan but are still capable of electron transfer [25, 26]. Importantly, the light-dependent activity was fully restored by all four mutations (W342Y, W342F, W397Y, W397F) in both the transcriptional assay (Figures 3A and 3C ) and the proteolysis assay (Figures 3B and 3D) . These results strongly suggest that intramolecular redox is involved in the lightinduced activity of dCRY in cell culture and that W 420 is less critical than the other two tryptophans for this redox pathway. Furthermore, generation of a double mutant, dCRY-W342A-R381A, suggests that flavin excitation is 
